OBJECTIVE -Although there is consensus that excess adiposity is strongly associated with type 2 diabetes, its relationship with weight change is less clear. This study investigates the relative impact of BMI at baseline and short-term (2-or 3-year) weight changes on the incidence of diabetes.
O
ver recent decades, the number of cases of type 2 diabetes worldwide has increased rapidly from ϳ30 million in 1985 to 194 million in 2003 . By the year 2025, the figure is predicted to rise to 330 million (1) . In Australia it was estimated that 854,400 adults, or 6.3% of the population, had diabetes in 2003 (1) . This is expected to rise to almost 1.3 million by the year 2025, or an estimated prevalence of 7.6% (1) . The consequent complications such as coronary artery and peripheral vascular disease, stroke, diabetic neuropathy, amputation, renal failure, and blindness will result in excess morbidity and mortality, as well as having a significant economic cost (1) .
This epidemic of diabetes closely parallels the worldwide obesity epidemic (2), with Australia being one of the worstaffected nations (3) . There are major concerns about the health consequences of obesity, including the growing burden of chronic diseases and an escalation of future costs of health services (4) . From 1980 to 2000, the prevalence of obesity in the Australian urban population has risen from 7.1 to 18.4% (5) . This represents a 2.5-fold increase over the last 20 years (5) . Absolute weight gain in the last two decades has also been substantial. Australian prospective studies have consistently demonstrated that, on average, middleaged women are currently gaining approximately one-half kilogram per year (6, 7) .
There are well-established associations between being overweight or obese and type 2 diabetes (2, 8) . The risk appears to increase with the duration of obesity (9, 10) . There is also evidence for an independent effect of weight change, particularly weight gain, on an increased risk of diabetes, whereas weight loss is followed by a reduced risk of type 2 diabetes over periods of 5-10 years (10 -12) . In the U.S. Nurses' Health Study, weight gain during adulthood, even at modest levels (e.g., Ͻ5 kg), was associated with increased risk of diabetes, independent of initial body weight. In contrast, women who lost Ͼ5 kg reduced their risk for diabetes by 50% (11) .
Far less is known about short-term weight change and the time lags between incremental weight gain during midlife and its impact on the risk of diabetes. Prospective cohort studies can provide valuable evidence on the time course of changes in weight and the onset of weight-related health conditions. In this article, we use data from the first four surveys of the midage cohort of the Australian Longitudinal Study on Women's Health. The objective is to examine the relative importance of initial BMI and of short-term weight change (over 2 or 3 years) on the incidence of diabetes.
RESEARCH DESIGN AND METHODS
The Australian Longitudinal Study on Women's Health The Australian Longitudinal Study on Women's Health (ALSWH) is a prospective study of factors affecting the health and well-being of three cohorts of women aged 18 -23 years (young), 45-50 years
(middle aged), and 70 -75 years (older) at the time of the initial surveys in 1996. Women were selected randomly from the National Medicare Health Insurance Database (which includes all permanent residents of Australia regardless of age, including immigrants and refugees) with intentional overrepresentation of women living in rural and remote areas. Further details of the recruitment methods and response rates have been described elsewhere (13) . The study collects selfreported data using mailed surveys at 2-to 3-year intervals from ϳ40,000 women living in all states and territories of Australia. The surveys include questions about health conditions, symptoms, and diagnoses; use of health services; healthrelated quality of life; social circumstances, including work and time use; demographic factors; and health behaviors. Complete details of each survey are on the study website (available at http:// www.alswh.org.au).
Informed consent was obtained from all participants in 1996, with ethical clearance obtained from the University of Newcastle. This article only includes data from the middle-aged cohort. There were four waves of data collection from 1996 to 2004 (S1, 1996; S2, 1998; S3, 2001; and S4, 2004) .
A total of 13,716 middle-aged women agreed to participate at S1, and by S4 10,905 women remained in the study (79.5%), 204 (1.5%) had died, 636 (4.6%) had withdrawn from the study, and the remainder did not participate in at least one of S2, S3, and S4, generally because they could not be contacted.
Diabetes
At each survey women were asked if they had been told by a doctor that they had diabetes. At S1 they were asked if they had ever had a diagnosis of diabetes. At S2, S3, and S4 they were asked whether they had been diagnosed with diabetes in the time period that had elapsed since the previous survey. For the analysis, there was a definitional issue that had to be considered: diagnosis of diabetes was not differentiated into type 1 or type 2 at S1 and S4. Because the number of new cases of type 1 diabetes was small (n ϭ 5 at S2 and n ϭ 12 at S3), these were combined with the type 2 diabetic cases, so that the data reported here are for both type 1 and type 2 diabetes and referred to simply as "diabetes." Diabetes status could be determined at all four surveys for 10,629 women. Prevalence of diabetes at each survey was defined as the proportion of these women who reported at this survey or a previous survey that they had been told they had diabetes.
BMI and weight change
Women were asked to report their height and weight at each survey. Self-reported heights from the first three surveys were used to obtain a single estimated value for each woman by averaging the available data. BMI for each woman at S1 was calculated as self-reported weight (kg) at S1 divided by the square of estimated height (m 2 (4) . Fewer than 2% of women were classified as underweight at S1, so this category was combined with the healthy weight group for the analysis. The average percentage of annual weight change was calculated by subtracting self-reported weight at successive surveys and dividing by weight at the earlier survey and the number of years between the surveys. (S1 and S2 were 2 years apart, whereas S2 and S3 were 3 years apart). Average percentage of annual weight change was categorized as high loss (ՅϪ5%), moderate loss (Ϫ5 to ՅϪ2.5%), small loss (Ϫ2.5 to ՅϪ1.5%), stable (Ϫ1.5 to Յϩ1.5%), small gain (ϩ1.5 to Յϩ2.5%), moderate gain (ϩ2.5 to Յϩ5%.), or high gain (Ͼϩ5%). As an indication of absolute weight gain, for a woman in the healthy weight range with BMI 22 kg/m 2 and height 1.65 m, 5% weight gain equates to 3 kg per year, whereas for a very obese woman with BMI 37 kg/m 2 and height 1.65 m, 5% weight gain equates to 5 kg per year.
Data needed to calculate BMI at S1 were missing for 696 women. In addition, data needed to calculate average percentage of annual weight change between S1 and S2 or between S2 and S3 were missing for 2,503 women. Thus, we had data on diabetes, BMI, and weight change for 7,875 women.
Menopause status
Menopause status at S1 was defined on the basis of self-reported menstrual bleeding. Women who reported no menstrual bleeding in the last 12 months were classified as postmenopausal. Those with menstrual bleeding in the last 12 months but not in the last 3 months or with different menstrual frequency compared with the previous year were classified as perimenopausal. Those with menstrual bleeding in the last 3 months and in the last 12 months and with the same frequency as in the year before were classified as premenopausal. Women who had a hysterectomy were classified as having surgical menopause.
Social and lifestyle factors
Social and behavioral factors were based on information collected at S1. Educational qualifications were categorized as "no formal qualifications;" "school certificate;" "higher school certificate;" "trade apprenticeship, certificate, or diploma;" or "university degree or higher degree." Area of residence was categorized as "urban," "large rural center," "small rural center," or "other rural or remote area" (14) .
Participants were asked to report frequency of engaging in vigorous (e.g., aerobics, jogging) and less vigorous (e.g., walking and swimming) exercise lasting for Ն20 min in a normal week (15) . Responses were scored using approximate weekly frequencies of exercise (never ϭ 0, once a week ϭ 1, 2 or 3 times per week ϭ 2.5, 4 -6 times per week ϭ 5, every day ϭ 7, and more than once a day ϭ 10) and then weighted to reflect the intensity of the activity (vigorous ϭ 5 and less vigorous ϭ 3). The resulting physical activity scores ranged from 0 to 80 and were categorized as "none (Ͻ5)," "low (5 to Ͻ15)," "moderate (15 to Ͻ25)," or "high (Ն25)." A score of 15 is commensurate with the current recommendation of moderate intensity activity on most days of the week. This measure is described in more detail elsewhere (7, 16) and has previously been shown to have acceptable test-retest reliability (17) . Standard questions were used to categorize respondents as never-smoker, exsmoker, or current smoker.
Statistical analysis
Predictors of 3-year incidence of diabetes were examined using repeated-measures data, with weight change between S1 and S2 used to predict incidence between S2 and S3 and weight change between S2 and S3 used to predict incidence between S3 and S4. These time lags were used to minimize the possibility of reverse causality from weight loss due to behavioral intervention or treatment as a consequence of the diabetes diagnosis or due to weight changes induced by the disease (18).
Women who first reported a diagnosis of diabetes at S1 or S2 were excluded from this analysis (n ϭ 406). Data for women who first reported a diagnosis of diabetes at S3 were not included for the subsequent time period (n ϭ 119). Data from S1 were used for all other predictor variables: BMI, menopausal status, area of residence, education level, physical activity level, and smoking status.
Incidence of diabetes from S2 to S3 or from S3 to S4 was modeled using generalized estimating equations for binary rep e a t e d -m e a s u r e s d a t a ( 1 9 ) . T h e regression coefficients obtained from generalized estimating equations reflect the relationship between the incidence of diabetes and the corresponding predictor variables using all longitudinal data available (20) . The within-subject correlation structures were assumed to be exchangeable; that is, the correlations between repeated measurements were assigned as being equal. The analyses were performed using SAS, version 9.1.3 (21) using PROC GENMOD with the options TYPE ϭ EXCH and D ϭ Binomial and Link ϭ logit. For univariate analyses, separate models were fitted for each of the predictor variables. For multivariable analysis a model was fitted with all the predictors, then those that were not statistically significant at the 5% level were omitted, and a final parsimonious model was fitted.
RESULTS -The prevalence of diabetes at each survey among women categorized by BMI at S1 is shown in Fig. 1 . At S1, prevalence ranged from 1.3% in the healthy weight category to 10.9% among the very obese women. Over time, the prevalence increased in all four BMI groups with greater increases in the more overweight groups.
Three-year incidence rates from S2 (1998) to S3 (2001) and from S3 to S4 (2004) and crude odds ratios for developing diabetes, by each of the weight and other variables, are shown in Table 1 . Incidence rates were highest for women who were obese at S1, were oldest (age 50 at S1), reported none or low levels of physical activity, or were ex-smokers. In the univariate (unadjusted) models, BMI, age, smoking status, educational qualifications, and menopausal status were all statistically significantly associated with the development of diabetes. Annual percent weight change was only a statistically significant risk factor for those with moderate weight loss (Ϫ5 to ՅϪ2.5%) (P ϭ 0.02) and for those in the high-gain (Ͼϩ5%) group (P ϭ 0.05) compared with the stable group. Similarly, physical activity was only associated with a lower incidence of diabetes for those in the high-activity group (P ϭ 0.05) compared with the least active group (Table 1) .
In the fully adjusted model (Table 2 ), BMI at S1 remained most strongly associated with incidence of diabetes. There was a significant increase in the incidence of reported diabetes across BMI groups at S1 compared with women in the healthy BMI group (P Ͻ 0.0001 for linear trend). Age was positively associated with the incidence of diabetes, with an odds ratio of 1.11 per year increase in age. Ex-smokers were 1.5 times more likely to develop diabetes than never-smokers. Annual weight change and activity level were not statistically significant factors in the fully adjusted model, nor were there any significant interactions between weight change and BMI groups (results not shown). CONCLUSIONS -Overweight and obesity are becoming increasingly serious problems in Australia and throughout the world (4, 5) . Although there is consensus that excess adiposity is strongly associated with the development of type 2 diabetes, the association between incidence of diabetes with weight change is less clear. Prospective data from middle-aged women participating in this longitudinal study were used to investigate this issue. Our findings indicate that initial BMI at S1 was much more strongly associated with the development of diabetes than shorterterm weight changes (losses or gains) over the 2-3 years before the diagnosis.
This study shows that compared with women in the healthy weight range, those who were overweight or obese at S1 had substantially higher incidence of diabetes in subsequent surveys, with odds ratios in the obese group reaching Ͼ12. These findings support those from a number of other studies, including the U.S. Nurses' Health Study, in which 61% of type 2 diabetes cases could be attributed to overweight and obesity (22) . Similarly in the Women's Health Study, the relative risk for developing type 2 diabetes was 9 for obese women compared with healthy weight women (8) . The magnitude of the association with BMI was much stronger than with physical activity, confirming a finding among Finnish men and women (23). The strong association with initial BMI at S1 found in this study may reflect at least three underlying issues: the role of duration of obesity as a risk factor for diabetes; the timing of weight change during a critical period before S1, such as during early adulthood; and the latency of the effect of weight gain on diabetes. Previous studies have found that weight change during adulthood over longer periods than those considered in this study is associated with incidence of type 2 diabetes (12,11,24 ). For example, in the U.S. Nurses' Health Study, there was a strong independent effect of initial BMI on predicting risk of type 2 diabetes; a weight gain of 8 -10.9 kg (from age 18 until 1976 when the women were aged between 30 and 55 years) was associated with a relative risk of type 2 diabetes of 2.7, whereas those who gained Ն20 kg had a relative risk of 12.3 (11) . Results from the Health Professionals Follow-Up Study have also shown that among men the relative risks of type 2 diabetes were 1.4, 1.6, and 2.1 for those who gained 3-5 kg, 6 -8 kg, and Ն9 kg, respectively, in the 10 years before the incidence of diabetes (12) .
In the U.S. Diabetes Prevention Program, weight loss was associated with a 16% reduction in risk of diabetes. As the participants were in the intensive lifestyle intervention arm of the program, they experienced much greater weight loss than women in our study (mean change of 5.8% per year compared with 0.7% per year in our study) (25) .
A Danish longitudinal study fol- lowed-up two groups of men, one with juvenile-onset diabetes and obesity and the other a randomly selected comparison group, who were weighed at average ages of 20, 33, 44, and 51 years. The study found that the risk of type 2 diabetes increased with weight gain in early adult life but not with weight changes in the late 30s and the 40s (18). This finding supports our results of no association between percentage of change in weight during middle age and the development of diabetes.
A reduced risk of developing diabetes with increased activity has been demonstrated in several prospective studies (2) . In most of these, a significant inverse association between physical activity and diabetes remained even after adjustment for BMI. The few studies that have investigated the impact of weight change on the incidence of diabetes have not focused on physical activity and diabetes in their major hypotheses or have not reported the results (12) . We found that physical activity level at S1 was not associated with the incidence of diabetes over surveys 2-4. This may be explained by lack of an effect or by inadequate measurement of physical activity, as we did not ask the women to report duration of activities in S1.
Our results revealed that ex-smokers were at a greater risk of developing diabetes than never-smokers, whereas there was no statistically significant effect for smokers. One reason for this increased risk among ex-smokers could be the higher rate of weight gain in this group before S1. Previous research with this cohort has shown that the odds of gaining weight in the 5-year period from S1 to S3 were much higher among women who quit smoking than in current smokers or never-smokers (7) .
The attenuation of the effects of menopause status (primarily hysterectomy) in the adjusted model may be due to diabetes and hysterectomy having a number of risk factors in common. For instance, although being overweight and having a higher waist-to-hip ratio are risk factors for diabetes, they are also associated with increased risk of fibroids. Therefore it might be expected that there would be a higher hysterectomy rate among overweight women (26) . Furthermore, hysterectomy at baseline could be indicative of weight gain before S1, as previous research has shown that women who had a hysterectomy were more likely to gain weight (Ͼ5 kg in 5 years) than those who did not (7, 26) .
The most obvious limitation of this study is that all the data are self-reported. Previous studies have shown that women are likely to understate their weight and overstate their height (27) , so that BMI is more likely to be underestimated than overestimated. However, in a validity study with 200 women from the ALSWH, we found 82% agreement on BMI categories from self-reported and measured BMI ( ϭ 0.72), with approximately equal proportions of women with underestimated (9.4%) and overestimated (8.8%) BMI, so this may not be a major bias in the study as a whole. On the other hand, undiagnosed cases of diabetes would not be identified, and the effect would be to reduce the estimated incidence rates and their associations with weight.
This study has a number of strengths. It has a community-based sample rather than clinical groups of women. The large sample size means that it is possible to obtain reasonably stable estimates of incidence rates between successive surveys. In a previous article, we have shown that weight gain in this cohort was associated with quitting tobacco smoking and with menopause, so it was important to include these factors in the analyses (7) .
In general, strategies for weight loss as a treatment for adult obesity have met with limited success, and lost weight is usually regained within 2 years (28). The results presented here and supported by previous studies (8, 18, 22) seem to indicate that the risk of developing type 2 diabetes in midlife is more closely related to initial BMI than to subsequent short-term weight change. Moreover, our previous work with both the middle-aged and younger cohorts of the ALSWH indicates that women who are overweight or obese are more likely to gain weight over subsequent surveys than their counterparts who remain in the healthy weight range (7, 29) . As there is no cure for diabetes, the results presented here point to the paramount importance of primary prevention strategies in the fight against overweight and obesity.
Previous work suggests that only small changes in energy balance (which can result from increasing physical activity and reducing total energy intake) are necessary to prevent the development of overweight and obesity (6, 7, 30) . We concur with Hill et al. (30) that it is now particularly important to "inspire people to make behavior changes within the current environment that are sufficient to resist the push of environmental factors toward weight gain." These changes are required during early adulthood, so that young adults do not develop overweight or obesity as they approach middle age and increase their risk of early development of diabetes and other chronic illness.
